Objective: To study antimicrobial resistance in zoonotic bacteria isolated from food animals in different countries using uniform methodology.
Introduction
The potential for transfer of antimicrobial resistance from enteric zoonotic bacteria of food animals to the human population is a cause of concern. Programmes to monitor resistance are, therefore, essential. A number of countries have national surveillance programmes to assess bacterial susceptibility to antibiotics among enteric bacteria isolated from healthy animals. [1] [2] [3] [4] [5] Results of such surveys are difficult to compare with one another since there are differences in sample collection, bacterial isolation and laboratory methodology. Surveillance studies in different countries are best carried out using standardized methods of sample collection, organism identification and susceptibility testing, 6 preferably by a single laboratory. 7 The present European Antimicrobial Susceptibility Surveillance in Animals (EASSA) was coordinated by the European Animal Health Study Centre, Brussels (CEESA). The study was based on bacteria from healthy animals, and employed uniform methods of sampling and isolation, together with a single central laboratory for MIC determination to a panel of antimicrobials commonly used in human medicine. The procedures followed the recommendations of the OIE (World Organization for Animal Health) guidelines 6 and the target organisms were Salmonella and Campylobacter species as zoonotic organisms, and commensal Escherichia coli as an indicator organism. Slaughter is potentially the most important stage for bacterial contamination of meat products, and therefore it is the most relevant point from which to obtain bacterial isolates for susceptibility testing. Faecal or caecal isolates as appropriate were collected from each of the major food animal species: beef cattle, slaughter pigs and broiler chickens.
Materials and methods

Selection of countries and sample sites
Countries included in the programme (Table 1) were representative of major areas of farm animal production in the EU, from Scandinavia in the north to Spain in the south. Responsibility for identification of appropriate animal slaughter sites to provide samples for isolation of target organisms was allocated to a single individual based within each participating country, in collaboration with members of the national meat hygiene services. The national coordinators arranged for samples to be taken by standard procedures and transported to national microbiology laboratories for bacterial isolation. The slaughterhouse sites (if possible at least four per country) were chosen as representative of animal production within individual countries, in terms of animal throughput and geographical location. The numbers of slaughterhouses per country were for chickens 4 -16, for pigs 5 -15 and for cattle 4 -9 (except France: 1 abattoir).
Animal sampling procedures
Pigs and broiler chickens were sampled from Q4 1999 to Q4 2000, cattle were sampled in Q4 2000 to Q4 2001. For broiler chickens, entire caeca were removed at slaughter and dispatched to microbiology laboratories, where their contents were removed. For pigs and cattle, ca. 5 g of content was aseptically removed from the large bowel after incision with a scalpel. All samples were taken, where possible, within 10 min of slaughter and held in sterile containers. For chickens and pigs, a single bird or animal was selected at random as being representative of a flock or herd. As the prevalence of Salmonella in cattle appears to be particularly low, faecal samples of cattle were taken from 2 -5 animals per herd and pooled prior to bacterial isolation to increase the chance of isolating Salmonella spp.
The target numbers to be tested were 200 isolates per country per host for E. coli and Campylobacter spp. in pigs and poultry, and 100 isolates per country per host for Salmonella spp. and also for cattle isolates of E. coli and Campylobacter spp. The low isolation rate found for Salmonella spp. was countered by supplementation from the Danish national collection (n = 95), which fulfilled the selection criteria, including the time period of collection or by increasing the number of samples tested (France, Netherlands, Spain, UK). The actual sample size per country and per animal species can be calculated from Table 1 .
Microbiological isolation and identification
Organisms were isolated at single microbiology laboratories in the same countries as the samples originated, under the supervision of one individual using standard microbiological procedures. An exception was Italy, where isolation was performed at four laboratories local to the region of sampling. One isolate for each bacterial species was retained from each sample.
E. coli. Sample material was plated on MacConkey agar and typical large, pink-to-rose coloured colonies were isolated. Isolates testing positive for indole production were presumed to be E. coli. Identification was subsequently confirmed using Fluorocult LMX Broth, where E. coli cleaves the fluorogenic substrate. Isolates obtained at national microbiology laboratories were sent to the central laboratory (Inveresk Research, Scotland), which was the repository for the culture collection. Isolates were usually sent on dry ice, although some campylobacters were shipped on charcoal transport medium swabs at ambient temperature. Cultures were held at À708C and suspended in growth medium with glycerol as cryopreservative, until susceptibility testing was performed.
MIC testing
All MIC testing was performed at the central laboratory. E. coli and Salmonella were tested by standard agar dilution methods: NCCLS M31-A2. 9 To test the susceptibility of Campylobacter, Brucella agar was used supplemented with 5% defibrinated sheep's blood containing test agent. Bacterial suspensions were applied to plates by multipoint inoculation at 10 5 cfu per spot. They were then scored for the presence or absence of growth after 48 h incubation at 378C in an atmosphere of 5% O 2 , 7% CO 2 and 88% N 2 using a microaerophilic work station (Fred Baker Scientific, Runcorn, UK). For all MIC tests, the presence or absence of growth was assessed using a 'Domino' image analysis system (Perceptive Instruments Ltd, Steeple Bumpstead, UK) running dedicated MIC test evaluation software.
MICs for the following antibiotics were determined against E. coli and salmonella isolates: ampicillin, cefepime, cefotaxime, ciprofloxacin, chloramphenicol, gentamicin, streptomycin, tetracycline and trimethoprim/sulfamethoxazole. MICs for the following antibiotics were determined against campylobacter isolates: ciprofloxacin, erythromycin, gentamicin, nalidixic acid and tetracycline. All antimicrobials were obtained from Sigma Chemical Co. except ciprofloxacin (Bayer HealthCare AG, Leverkusen, Germany) and cefepime (Bristol Myers Squibb, Syracuse, NY, USA). Antibiotics were generally tested in a two-fold concentration series over the range 0.06 -128 mg/L. Exceptions were cefepime (0.03 to 16 mg/L), cefotaxime (0.008 to 16 mg/L) and ciprofloxacin (0.002 to 16 mg/L).
Reference standard bacterial strains were tested concurrently as controls, including the following: for tests with E. coli and salmonella the quality control strains were E. coli ATCC 25922, Staphylococcus aureus ATCC 29213 and Enterococcus faecalis ATCC 29212. More than 98% of the MIC values for these three control strains were within the MIC ranges included in M100-S14. 10 For tests with campylobacter, Campylobacter jejuni ATCC 33560 was used.
MIC 50 and MIC 90 values, as well as rates of resistances, were calculated and presented. Since there existed no clear differences among slaughter sites within a given country, data were summarized by country. Resistance was defined according to breakpoints published by the NCCLS. 10 Where there were no NCCLS breakpoints published for a particular compound (streptomycin), those adopted by the US National Antimicrobial Resistance Monitoring System (NARMS) were used. 5 Fisher's exact test for pair-wise comparisons was used to determine the significance of differences of resistance prevalence among countries and within animal species. A value of P < _ 0.05 was considered significant.
Results
In total, 3714 isolates were available for testing. Numbers of isolates obtained per animal species and the rate of recovery are shown in Table 1; susceptibility findings are reported in Tables  2, 3 , 4 and 5.
E. coli (Table 2)
The isolation rate for E. coli approached 100% in all hosts and countries, with the exception of Spain, where the rate of recovery of E. coli from pigs was <10%.
Ampicillin.
The distribution of ampicillin MICs varied considerably between countries. In chickens, resistance was significantly lower in Sweden than in France, the Netherlands or the UK. There was a tendency for resistance to be lower in cattle than in chickens; in France, Germany and the UK, resistance among cattle isolates was even undetectable or close to zero. In pigs, there was also considerable variation in resistance between countries.
Cefepime and cefotaxime.
MIC 50/90 varied from 0.03 -0.12 mg/L, but MICs from Spain for cefepime were slightly lower. Resistance was not encountered for either cephalosporin. Chloramphenicol. In chickens, resistance varied from 0.5% in Sweden to 16.6% in France. In cattle, resistance was undetectable or low, whereas in pigs resistance varied from 0.5% in Sweden to 52.1% in Spain.
Ciprofloxacin. Resistance was absent among E. coli with the exception of France, the Netherlands and the UK (chickens) and Italy (cattle). The incidence of resistance did not exceed 4% in any country. MIC 90 was usually identical to MIC 50 , but for Tetracycline. Among E. coli isolates from chickens, resistance was >50%, except in those from Sweden where the resistance rate was only 6.5%. In isolates from cattle, the resistance rate was lower than in chickens, whereas in samples from pigs there was a variable rate from 10.3% (Sweden) to 59% (Netherlands).
Trimethoprim/sulfamethoxazole. The proportion of resistant isolates of E. coli from chickens was low in samples from Sweden, and was significantly higher in the other countries sampled. In isolates from cattle, resistance was lower than in those from chickens, with the highest being in those from Italy (8.5%). In E. coli isolates from pigs, those from Sweden showed the lowest incidence of resistance (2.5%), those from Spain the highest (52.1%).
Multiple resistance.
Multiple resistance was defined as simultaneous resistance to at least four antimicrobials tested, with trimethoprim plus sulfamethoxazole considered as one unit since the testing was in combination. Taking all isolates of E. coli collected from the different countries into account, the most frequent phenotypes were ampicillin/streptomycin/tetracycline /trimethoprim plus sulfamethoxazole (in 9.5% of chicken isolates, 2.5% of pig isolates and 1% of cattle isolates).
Salmonella spp. (Table 3)
The overall isolation rate was low (mean 4.9%; ranging from 0%-13%; Table 1 ); Salmonella prevalence per species amounted to 7.1%, 4.5% and < _ 0.6% for chickens, pigs and cattle, respectively. Where practicable, the number was supplemented by increasing the number of samples examined, or from the Danish national collection (see above), but even so the low numbers made comparisons difficult. In the case of cattle, chickens (the Netherlands, Sweden) and pigs (Sweden) the small numbers precluded comment on susceptibility to antimicrobials. Following isolation from chickens (n = 120), cattle (n = 4) and pigs (n = 147), 271 isolates were serotyped, with at least one member of 31 salmonella species represented in the total. The main species found (excluding cattle since numbers were too small) were S. Typhimurium (40% of the total, mostly pigs), S. Heidelberg (9.3%, chickens), S. Hadar (6.4%, chickens), S. Derby (5.3%), and S. Newport (3.6%). Other species were present only in small numbers.
Ampicillin. The incidence of resistance in the isolates overall varied from 16.1% (the Netherlands, pigs) to 54.7% (chickens, France). Other countries where there were significant numbers of isolates recovered had an intermediate resistance. For the individual salmonella species, 31% of the S. Typhimurium were resistant to ampicillin (n = 112), compared with 83% for S. Hadar (n = 18), 53% for S. Heidelberg (n = 26) and 7% for S. Derby (n = 15).
Cefepime and cefotaxime. Neither resistance nor decreased susceptibility was seen in any of the isolates recovered from any of the countries.
Chloramphenicol. Resistance varied from 40% among isolates from pigs in Spain (although the number of isolates was small) to 6.7% among isolates from chickens in France. Of the resistant isolates, 71% were S. Typhimurium, and it is notable that the 15 isolates from Spain were made up of 10 S. Tilburg and five S. Ohio. S. Tilburg was not identified from elsewhere.
Ciprofloxacin. No resistance was seen in any of the isolates recovered from any of the countries, although the S. Hadar had a higher MIC 90 (0.25 mg/L) than the other isolates (MIC 90 < _ 0.03 mg/L).
Gentamicin. The only isolates showing an incidence of resistance were chicken isolates from France (5.4%), which consisted of S. Heidelberg (n = 2) and S. Enteritidis (n = 1).
Streptomycin. Resistance overall varied from 0% (pig isolates, Spain, n = 15) to 44% (chicken isolates, France). Most of the resistant isolates were S. Typhimurium.
Tetracycline. Resistance varied from 35% (chicken isolates, UK) to 100% (pig isolates, Spain, n = 15). S. Hadar isolates were particularly resistant (33%, n = 18), and originated from France.
Trimethoprim/sulfamethoxazole. Resistance varied from 7% (pig isolates, Denmark) to $ 25% (chicken isolates, France and UK) to 100% (pig isolates, Spain), and was not linked to particular salmonella serotypes.
Multiple resistance. Resistance to four or more drugs was seen in varying combinations. In chickens, the most common phenotype (5.8%) was the combination of ampicillin /chloramphenicol/streptomycin/tetracycline/trimethoprim plus sulfamethoxazole. Among pig isolates, the most common (15%) was ampicillin/chloramphenicol/streptomycin/trimethoprim plus sulfamethoxazole.
Campylobacter spp. (Tables 4 and 5)
The isolation rate was variable (Table 1) , with the lowest isolation rate being from Sweden (3% in chickens) and the highest in the UK (70% in chickens). A few campylobacters were also isolated in Spain, but there were technical difficulties which suggested that this figure may be unreliable and the results have therefore been omitted. In broilers (Table 4) , the most frequently isolated species was C. jejuni (72%) and 154 isolates (28%) were identified as Campylobacter coli. In cattle, 75% and 9% of the isolates were determined as C. jejuni and C. coli, respectively, but another 16% of the isolates were identified as Campylobacter fetus (n = 18), Campylobacter hyointestinalis (n = 11) or Campylobacter lanienae (n = 7). In contrast, 71% of the isolates from pigs were identified as C. coli, 21% as C. jejuni, and 8% as Campylobacter spp., mainly comprising a species of Campylobacter-like organism (n = 41) not yet identified. For the five antibiotics tested, resistance was higher among C. coli than C. jejuni, except for resistance to gentamicin. Antimicrobial patterns among the non-C. jejuni, non-C. coli species were similar.
Ciprofloxacin. The highest rates of resistance of Campylobacter spp. were among chicken isolates from the Netherlands (34.5%) and France (31.5%). Resistance was low among chicken isolates from the UK (6%) and absent in those from Sweden, but numbers were low (n = 16). Swedish pig isolates, all but two being C. coli and C. jejuni, showed a 21.1% incidence of resistance, and cattle isolates from Germany 16.7%. The incidence of resistance in other countries varied from 3.3%-8.2%. Nalidixic acid. Resistance was absent among chicken isolates from Sweden, and was low in chicken isolates from the UK (6.5%). Generally, resistance to nalidixic acid resembled the resistance to ciprofloxacin, but cattle isolates from Italy and the UK showed markedly higher incidences of resistance (44.4% and 63.9%, respectively) due to increased numbers of campylobacters other than C. jejuni and C. coli. Nalidixic acid resistance in porcine isolates from the Netherlands was 20.3%.
Erythromycin. Resistance was highest in pig isolates from Denmark (36.7%) and the Netherlands (41.8%). Resistance was low in strains from chickens (0% -8%) and cattle (3.2%-5.6%) in all countries sampled and in isolates from pigs from Sweden (9%).
Gentamicin. The only resistance encountered was one cattle isolate from Italy (3.7%).
Tetracycline. Tetracycline resistance was highly variable, ranging from 0% in chicken isolates from Sweden and cattle isolates from the UK, to 63.7% among pig isolates from the Netherlands.
Multiple resistance. Multiple resistance was found at low rates in the Campylobacter spp. The most frequent was ciprofloxacin/nalidixic acid/erythromycin/tetracycline (1.8% chicken, 0.3% pig). No quadra-resistance was found in cattle isolates. Multiresistant isolates always remained susceptible to gentamicin.
Discussion
Resistance in bacteria isolated from food has been seen as a potential source of resistance in human pathogens. 11, 12 Where resistance is present among zoonotic organisms, such as Salmonella or Campylobacter species, then it is by definition possible for resistant bacteria from animals to be transmitted to a human subject. Surveillance of the resistance rates among pathogens of animals is clearly important in risk assessment and management. 6 Some European countries, including Denmark, 1 Sweden, 2 the UK 3 and Spain, 4 have resistance surveillance programmes for bacteria isolated from farm animals, particularly in relation to the zoonotic organisms. However, such studies use different methods for sampling, selection or testing of isolates, so any differences seen between countries may result from differences in technical procedure rather than real variation between countries. Comparability of results between isolates from different sources is crucial, 7 and is assisted by use of a central testing laboratory. 13, 14 The present study used common methodology and a central testing laboratory to overcome these shortcomings.
For practical reasons, only four countries were tested per host species, but countries were chosen to reflect north/south Europe differences and regional differences in animal husbandry, which may also imply differences in usage of antibacterial compounds. In particular, it was of interest to compare the traditionally conservative approach to antibacterial use in Sweden with countries elsewhere in Europe. Samples were taken immediately postslaughter since this is the stage where meat is most likely to become contaminated with bacteria of animal origin.
The organisms isolated were Salmonella spp., Campylobacter spp. and E. coli (the last of which, with the exception of strain 0157:H7, is not normally classed as zoonotic but was included as an indicator organism). The host species sampled were chickens, pigs and cattle. The first two species are usually housed under relatively intensive conditions, whereas cattle in the EU are generally less intensively reared. Intensive housing may be associated with greater disease potential and therefore a greater tendency for antibiotic use to control disease. Since concern is primarily with resistance in human pathogens, the antibiotics tested were compounds considered important for treating human patients rather than antibiotics of importance in veterinary medicine.
The antibacterial susceptibility was determined by agar dilution MIC determination and allocation of breakpoints (NCCLS where available). In the case of campylobacters, there are no internationally agreed breakpoints, so in this study we used the NCCLS interpretive criteria for other bacteria species to analyse data for Campylobacter. It must, however, be emphasized that due to the lack of validated breakpoints for campylobacters, resistance in vivo remains undefined. For Campylobacter, several methods, including disc diffusion, broth microdilution, Etest and agar dilution have been used to determine the in vitro susceptibility. However, until recently none of these methods has been validated and standardized, which complicates interpretation of different studies. In 2002, the NCCLS Subcommittee on Veterinary Antimicrobial Susceptibility Testing (NCCLS-VAST) approved the agar dilution test as a validated, standardized test to determine antimicrobial susceptibility, and C. jejuni ATCC 33560 was validated as a quality-control organism. We conducted our study before the NCCLS method 9 finally became available. A retrospective comparison of the compounds with quality-control MIC ranges included in NCCLS M100-S14 (ciprofloxacin, erythromycin, gentamicin) showed that the majority of the MIC values for C. jejuni ATCC 33560 were within the acceptable ranges, even though there were minor differences in methodology.
It was expected that the isolation rate for E. coli in faecal samples would be high, and indeed with the exception of isolates from pigs in Spain, this was the case. Samples from Spanish pigs showed an unexpectedly low isolation rate of E. coli (7%). The reason for this remains unclear, but might have reflected differences in diet or the inclusion of antimicrobial compounds in the feed. Isolation rates for salmonellae were low, often preventing comparison between countries and host species. Supplementation of isolates from additional screening and from the Danish collection was used in some cases to overcome the absence of isolates from the available faecal samples. Campylobacter isolation rates varied between countries and host species, and in the case of Spain, technical problems in the country laboratory prevented use of these isolates.
Overall comparison of resistance rates suggested that, where the numbers of isolates for testing allowed, comparison of results from different countries revealed interesting differences. Isolates from Sweden tended to show a lower incidence of resistance than those from the other countries sampled, whereas isolates from Spain tended to show a higher incidence of resistance than elsewhere. Other countries (UK, France, Netherlands and Denmark) were roughly intermediate. For E. coli and Salmonella spp., the incidence of resistance to the older compounds such as ampicillin and tetracycline was rather high, although variable. Conversely, resistance to newer compounds such as ciprofloxacin, cefotaxime and cefepime was low or absent. Gentamicin, although a relatively old compound, has had little use in animals, and as expected, resistance in most cases was absent, although in France the incidence was 4.5% (E. coli) and 5.4% (salmonellae). Isolates of E. coli from cattle had generally lower levels of antimicrobial resistance than did isolates from the other two species sampled. Whereas this may reflect lower usage of antimicrobials, it may also be explained by the greater maturity, since adult cattle have been shown to harbour less resistance than calves. 15 Multiple resistance was found to some degree in all host species, as has been reported in national surveys. [1] [2] [3] For salmonellae, the low isolation rate (even with some supplementation) limited the comparisons that could be made with France and the UK (chickens) and Denmark, the Netherlands and Spain (pigs). A wide variety of species of salmonella were found, although there were host links; S. Typhimurium, Derby and Tilburg to pigs, S. Heidelberg, Hadar, Enteritidis and Newport to chickens and S. Derby to cattle.
Among Campylobacter isolates, ciprofloxacin resistance was present in >30% of chicken isolates from France and the Netherlands. In cattle isolates, the ciprofloxacin resistance was lower, although in the case of isolates from Italy and the UK this resistance was associated with an unexpectedly high frequency of resistance to nalidixic acid. This may have been the result of some of the cattle isolates being C. fetus, C. hyointestinalis and C. lanienae, which are intrinsically less sensitive to nalidixic acid than C. jejuni and C. coli. 16 This outcome seems compatible with an Italian study, 17 where a high percentage of thermophilic cattle strains, not identified as C. jejuni and C. coli, were detected; the majority were assessed to be C. hyointestinalis based on a biochemical identification test. Similarly, Canadian workers detected various Campylobacter species in bovine faeces, among them C. fetus, C. hyointestinalis and C. lanienae.
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There was an unusually high incidence of resistance to ciprofloxacin (21%) among pig isolates from Sweden, although a similarly high frequency of fluoroquinolone resistance among campylobacter isolates from pigs in Sweden (30%) has been previously reported. 2 Macrolide resistance was present in Campylobacter isolates from pigs (predominantly C. coli) of the Netherlands and Denmark, but resistance was lower in isolates from other animal species. Campylobacter resistance to tetracycline varied from 0% (Swedish chickens and UK cattle) to 64% (Netherlands pigs). Resistance to macrolides among C. jejuni, which is the causative agent responsible for over 90%-95% of human campylobacteriosis, was low and has been reported as changing little over time. 18 Our findings are compatible with the literature and confirm macrolides as treatment of first choice in EU countries. 19, 20 Taken together, for all three bacterial species there was considerable variation between countries and hosts in the incidence of resistance. It is tempting to ascribe such variation to differences in consumption of antimicrobials. 1 In 1999, the European Medicines Evaluation Agency published figures 21 (obtained from the animal health industry association and based on sales in 1997) which showed that the compounds most commonly used for therapy in animals were tetracyclines, macrolides and penicillins, namely those where the present results showed resistance among zoonotic bacteria was highest. However, these compounds are also those with the longest history of use, so both exposure volume and duration may influence the resistance seen. Conversely, those newer compounds with lower usage, such as fluoroquinolones and newer cephalosporins, were associated with little or no resistance. The countries using the greatest quantities were predictably those with the largest agricultural industry (the UK, France, Germany and Spain). Sweden has a comparatively limited animal production and a low animal population density, with a moderate (but by no means negligible) consumption of therapeutic antibacterial compounds. 2 A comparison of consumption per animal species would be helpful but is unrealistic because figures are rarely broken down to species level.
Although antimicrobial consumption differences may explain some of the findings from this study, anomalies remain. Chloramphenicol has been banned from use in farm animals in the EU for many years, and the related compound florfenicol, although used in cattle, was not used in pigs or chickens at the time of this study. Therefore, the relatively high level of chloramphenicol resistance among E. coli and Salmonella isolates from chickens and pigs in general, and compared with isolates from cattle, is not explained by phenicol use in veterinary medicine. Other researchers have also reported chloramphenicol resistance among E. coli and Salmonella spp. isolates from chickens and pigs in the absence of phenicol use in these animal species for many years. 1, 2, 5, 22 Co-resistance with other unrelated compounds appears the likely explanation. 23, 24 Other anomalies were found, such as the relatively high incidence of ciprofloxacin resistance among Campylobacter spp. isolates from pigs in Sweden, referred to above. This was unexpected since no fluoroquinolones are authorized for group treatment of pigs in Sweden. Moreover, the total consumption of fluoroquinolones in Sweden in 2000 (all species) was 157 kg 2 compared with 150 kg in Denmark for the same year, 1 but for a much larger pig production. Conversely, quinolone resistance, as measured by disc diffusion, declined among Salmonella Typhimurium isolated from cattle in Belgium during 1991-1998, during a period when there was no apparent fall in consumption. 25 Similar observations were made in Germany. 26 Clonal spread of quinolone-sensitive strains was a more likely explanation for the reduced resistance than a link with consumption. 27 Such observations, like those for chloramphenicol (see above), demonstrate at least some disconnection between antimicrobial resistance and veterinary use of the same class of antimicrobial drug. Interestingly, a high resistance prevalence to antimicrobial compounds was found in isolates from humans living in a remote rural Bolivian community, with virtually no exposure to antimicrobials either in humans or animals. 28 Similarly, high levels of antimicrobial resistance were found among small wild rodents living in woodland separated from animal and human contact. 29 It therefore appears that detailed information on antimicrobial consumption by farm animals, though no doubt interesting and informative, may fail to explain all of the complexities associated with the epidemiology of antimicrobial resistance.
This survey, across the EU and based on uniform methodology, therefore demonstrates that there are differences in incidence of antimicrobial resistance between different host species, different EU countries and different bacterial species, which are not attributable to technical differences in sampling or testing. The multifactorial complexity of antimicrobial resistance highlights the value of a pan-European susceptibility surveillance programme that allows direct comparison across animal species and individual countries. It is desirable that such studies be repeated in future years to study temporal trends and to determine whether the generally low level of resistance to newer antibiotics can be maintained.
